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To compare changes in upper airway volume after maxillary expansion with bone- and tooth-
borne appliances in adolescents and to evaluate the dentoskeletal effects of each expansion 
modality. 
Materials and Methods: 
This retrospective study included 36 adolescents who had bilateral maxillary crossbite and 
received bone-borne maxillary expansion (average age: 14.7 years) or tooth-borne maxillary 
expansion (average age: 14.4 years). Subjects had two cone beam computed tomography 
images acquired, one before expansion (T1) and a second after a 3-month retention period (T2). 
Images were oriented, and three-dimensional airway volume and dentoskeletal expansion were 
measured. Analysis of variance was used to test for differences between the two expansion 
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methods for pretreatment, posttreatment, and prepost changes. Paired t-tests were used to test 
for significance of prepost changes within each method. 
Results: 
Both groups showed significant increase only in nasal cavity and nasopharynx volume (P < .05), 
but not oropharynx and maxillary sinus volumes. Intermolar and maxillary width increased 
significantly in both groups (P < .05); however, the buccal inclination of maxillary molars increased 
significantly only in the tooth-borne group (P < .05). There was no significant difference between 
tooth- and bone-borne expansion groups, except for the significantly larger increase in buccal 
inclination of the maxillary right first molar after tooth-borne expansion. 
Conclusions: 
In adolescents, both tooth- and bone-borne RME resulted in an increase in nasal cavity and 
nasopharynx volume, as well as expansion in maxillary intermolar and skeletal widths. However, 
only tooth-borne expanders caused significant buccal tipping of maxillary molars. 




Rapid maxillary expansion (RME) is routinely used in the orthodontic treatment of patients 
with transverse maxillary deficiency, dental crowding, and/or a mandibular functional shift. 
A common form of RME uses tooth-borne expanders with bands on molars and 
sometimes first premolars. Transverse expansion is achieved through skeletal expansion, 
ie, opening of midpalatal sutures with separation of maxillary halves and dentoalveolar 
expansion, which can include buccal tipping of teeth and alveolar bending.1 Tooth-borne 
expansion appliances produce varying amounts of dental and skeletal expansion. 
Skeletal expansion is about half or less of the total amount of resulting expansion in 
adolescent patients.1,2 As the midpalatal sutures undergo maturation and fusion from 
childhood to late adolescence and adulthood, the amount of skeletal expansion with 
conventional RME and its long-term stability decreases.3,4 Failure of RME to open the 
suture is associated with unwanted dentoalveolar side effects, such as pain, severe 
 
 
buccal tipping and extrusion of teeth, gingival recession, buccal cortex fenestration, and 
root resorption.5  
Bone-borne RME (or miniscrew assisted RME) was recently proposed to minimize the 
unwanted dentoalveolar effects of RME and produce greater skeletal changes.6,7 In the 
bone-borne RME, palatal miniscrews are used as anchorage to transfer the expansion 
force directly to the skeletal structures.8 In two groups of late adolescent patients, Lin et 
al.7 reported significantly greater skeletal expansion, less buccal tipping of first molars, 
and less buccal dehiscence following the bone-borne RME than expansion with tooth-
borne RME using a hyrax appliance. 
Studies showed that heavy forces generated by expanders could impact the craniofacial 
structures beyond the midpalatal suture.9,10 Following RME, high levels of stress were 
observed in surrounding structures, such as the zygomaticomaxillary, 
zygomaticotemporal, and frontomaxillary sutures, frontal process of the maxilla, and 
external wall of the orbits.9 Widening of nasal apertures, separation of the nasal floor, and 
displacement of the lateral nasal walls were also reported to be associated with sensation 
of pressure in the maxillary, nasal, or orbital areas.10–13 A study by Garrett et al.14 showed 
that the average increase in nasal width following tooth-borne expansion with a hyrax was 
only 37% of the total appliance expansion. 
Due to the potential differences between the bone- and tooth-borne expanders, greater 
changes in airway volume may be anticipated with utilization of miniscrews.15,16 The aim 
of the current study was to measure and compare the changes in airway volume of the 
nasal cavity, maxillary sinuses, and pharynx after use of bone- or tooth-borne expansion 
appliances. The secondary purpose was to evaluate the dentoskeletal effects of each 
expansion modality. 
MATERIALS AND METHODS 
The study was approved by the Institutional Review Board of Indiana University–Purdue 
University (IRB protocol number: 1708606623). This retrospective study included 
adolescent subjects who completed their orthodontic treatment at the same orthodontic 
clinic (University of Alberta, Edmonton, Canada). Patients were randomly assigned to 
 
 
either one of the two expanders (bone-anchored or tooth-anchored). The inclusion criteria 
for the study included: individuals between 11 and 15 years of age with no history of 
orthodontic treatment, temporomandibular joint disorder, adenoidectomy or tonsillectomy, 
periodontal diseases, systemic diseases, craniofacial anomalies, and no active caries. All 
subjects had a bilateral maxillary crossbite and received bone-borne RME or tooth-borne 
RME as part of their comprehensive orthodontic treatment. The randomization of 
assigning the treatment group resulted in the two groups having no significant differences 
in their initial conditions. 
The tooth-borne expander design included a hyrax appliance with bands on the 
permanent first molars and first premolars (Figure 1A). If permanent first premolars were 
not erupted, bands were placed on deciduous first molars. In the bone-borne RME group, 
two miniscrews (length: 12 mm; diameter: 1.5 mm; Straumann GBR System, Andover, 
MA) were placed in the palate between the permanent first molars and second premolar 
and were connected with a jackscrew (Palex II Extra-Mini Expander, Summit Orthodontic 
Services, Munroe Falls, OH; Figure 1B). The activation rate per jackscrew turn (0.25 
mm/turn) was the same in the tooth-borne expander and bone-borne expander groups. 
Patients in both groups were asked to turn the expander screw two turns per day for a 
total of 0.5 mm/d. The expansion continued until the mesiopalatal cusps of the maxillary 











Figure 1: Maxillary expanders used in the study. (A) Tooth-borne rapid maxillary 
expander. (B) Bone-borne rapid maxillary expander. 
 
 
All subjects had two low-dose cone beam computed tomography (CBCT) scans acquired, 
one before the expansion (T1) and one after a 3-month retention period (T2). All patients 
were scanned with the iCAT CBCT Unit (Imaging Sciences International, Hartfield, PA) 
and the same setting protocol: 0.3 voxel, 8.9 seconds, large field of view at 120 kV and 
20 mA. 
Initially, 40 subjects (20 subjects in the bone-borne and 20 subjects in the tooth-borne 
expansion groups) were included in the study; however, three subjects (one in the bone-
borne and two in the tooth-borne group) were excluded due to motion artifact in the CBCT 
images. In addition, one subject was excluded from the bone-borne group since the 
subject showed excessive opacification of the maxillary sinuses and nasal cavity in the 
T2 CBCT image. As a result, 18 subjects (10 females: eight males; average age: 14.4 ± 
1.3 years) who received tooth-borne RME, and 18 subjects (12 females: six males; 
average age: 14.7 ± 1.4 years) who received bone-borne RME were included in the final 
analyses. 
Dolphin Imaging Software, version 11.0 (Dolphin Imaging, Chatsworth, CA), was used for 
image analyses. Analysis was performed using the same computer monitor and light 
settings (24-in. monitor; Dell, Round Rock, TX; 1920 × 1200 pixels). The investigators 
(G.K. and A.G.) traced and analyzed 10 randomly selected study images independently 
 
 
to determine the inter-rater reliability. In addition, the primary investigator (G.K.) repeated 
the same measures after 2 weeks to determine the intra-examiner reliability. A minimum 
intraclass correlation coefficient of 0.8 was necessary before the analyses of the 
remaining CBCT images were permitted. 
Prior to the identification of landmarks, all CBCT images were oriented based on the 
skeletal midline, Frankfort horizontal plane, and the line passing through the deepest point 
of the lateral surface of the zygomatic bones (Figure 2). Three-dimensional (3D) airway 
volumetric and soft-tissue landmarks were previously established by Smith and 
colleagues.17 A detailed description of these landmarks and volumetric and dentoskeletal 
expansion measurements are shown in Table 1 and Figures 3–6. 
Figure 2: Image orientation: images were oriented based on (1) the skeletal midline, (2) 
Frankfort horizontal plane, and (3) the line passing through the furcation of maxillary right 










Table 1: Definition of Airway and Dentoskeletal Parameters 
 










Figure 5: (A) Skeletal expansion measured at the level of maxillary first molars: (1) 
External maxillary width, (2) Palatal width. (B) Intermolar width measured at the level of: 
(3) Palatal root apices, (4) Central fossae of maxillary first molars. 
 
  
Figure 6: Buccal inclination of the maxillary left first molar: The angle formed between 
the line connecting the palatal apex and central fossa of the maxillary first molar and the 







Based on a previous study,17 with a sample size of 20 subjects per treatment group and 
a significance level of 0.05, this analysis had 80% power to ascertain a 3660 mm3 
difference within each group for the prepost change in nasal cavity volume, a 5046 mm3 
difference between groups, and a correlation coefficient of 0.58. 
Analysis of variance (ANOVA) was used to test for differences between methods for 
pretreatment and posttreatment. Paired t-tests were also used to test for significant 
changes pre- and post- intervention within each method. Additionally, ANOVA was used 
to test for differences between methods for the changes. A 5% significance level was 
used for all the tests. 
RESULTS 
The intra-rater and inter-rater reliability for all the measurements was high, with intraclass 
correlation coefficients above 0.80. 
Pre- and Post-expansion Comparison Within Each RME Group 
In the tooth-borne expansion group, significant volume increases (P < .05) occurred in 
the nasal cavity (12.5%) and nasopharynx (21.8%). In the bone-borne expansion group, 
the nasal cavity and nasopharynx volume significantly increased (P < .05) by 16.1% and 
20.0%, respectively. In addition, the external maxillary width, palatal width, as well as the 
maxillary intermolar width, measured at the central fossa and apex of first molars 
increased significantly in both expansion groups (P < .05). The buccal inclination of 
maxillary first molars increased significantly only in the tooth-borne expansion group (P < 







Table 2: Airway and Dentoskeletal Expansion Parameters Pre- and Post-Tooth-
Borne RME 
 




Pre- and Post-expansion Comparison Between RME Groups 
Comparison of pretreatment, posttreatment and prepost changes between the tooth-
borne and bone-borne expansion groups showed no significant difference (P > .05), 
except for a significantly larger increase in buccal inclination of maxillary right first molar 
after tooth-borne expansion (P < .05, Table 4). 
 
 
Table 4 Comparison of Changes in Airway and Dentoskeletal Parameters Between 




This retrospective analysis assessed the airway and dentoskeletal changes associated 
with both tooth- and bone-borne expansion using 3D CBCT analysis. In this study, there 
was no significant difference in airway volume and dentoskeletal variables between the 
tooth- and bone-borne groups prior to expansion, indicating the homogeneity of study 
subjects between the two groups. 
Both tooth- and bone-borne expansion groups showed significant increases in intermolar 
width, palatal width, and external maxillary width. However, significant buccal tipping of 
molars was observed only in the tooth-borne expansion group. Lin et al.7 compared 
dentoalveolar and skeletal effects of a bone-borne expander (C-expander) to those of a 
tooth-borne expander in a group of adolescent patients. Similar to this study, they found 
more buccal tipping of maxillary molars in the tooth-borne group. However, they found 
higher skeletal expansion, measured at the maxillary suture, as well as maxillary width, 
measured at the nasal floor and palatal vault level. Given that subjects in the present 
study were younger than those in the Lin et al. study (14 years vs 17 years), it is 
reasonable to expect more comparable skeletal expansion in the tooth- and bone-borne 
 
 
expansion groups in the present study. A similar study by Lagravere et al.18 also found 
no significant difference in dental and skeletal expansion at the maxillary first molar 
between the adolescents who received tooth- and bone-borne expansion. The change in 
the buccal inclination of the right maxillary first molar was significantly higher after tooth-
borne RME than bone-borne RME (3° vs 0.4°, respectively), but the difference in the 
buccal inclination of the left maxillary first molar was not significantly different between 
the two groups (2.3° vs 1.4°, respectively). 
Both bone- and tooth-borne expansion groups showed significant increases in the nasal 
cavity and nasopharynx volumes, but no significant changes in oropharynx volume after 
expansion. Increases in nasal cavity and nasopharynx volumes after hyrax expansion in 
adolescents have been shown by previous studies that used 3D images,17,19–21 as well as 
two-dimensional measurements.22,23 Kim et al.24 evaluated airway volume changes after 
miniscrew-assisted rapid maxillary expansion in young adults using CBCT images. They 
demonstrated that the volume, as well as the anterior and middle cross-sectional area of 
nasal cavity, increased significantly after expansion and that the increase was retained at 
a 1-year follow-up visit. However, unlike the current study, observed changes in 
nasopharynx volume were not significant. The disagreement could be due to differences 
in the definition of nasopharynx between the two studies. The space, which was defined 
separately as the oropharynx in the present study, was included as part of the 
nasopharynx in Kim's study.24  
Although the average increase in the volume of the nasal cavity was higher after bone-
borne expansion than tooth-borne expansion (16.1% vs 12.5%), the difference was not 
statistically significant. This agreed with another finding of the current study: the skeletal 
expansion was not statistically different between the two groups. Previous studies have 
shown conflicting results in this regard. Kabalan et al.16 compared nasal airway changes 
in adolescents receiving miniscrew-based expanders vs tooth-borne expander using 
CBCT and acoustic rhinometry analyses. However, in their study, CBCT images were 
only used to assess linear measures in the nasal cavity and not for 3D assessment of 
airway volume changes. The results were highly variable and did not show any specific 
trends between the two experimental groups. In addition, Kabalan's study did not assess 
 
 
airway volume changes of the pharynx. In a randomized controlled trial, Bazargani et al.15 
compared the effects of tooth-bone-borne (hybrid) and tooth-borne RMEs on nasal airflow 
and resistance using rhinomanometry examination after decongestion. They concluded 
that tooth-bone-borne RME resulted in higher nasal airflow and lower nasal resistance 
than tooth-borne RME in children. Differences in appliance design, airway measurement 
technique, and use of decongestant make the comparison between studies difficult. 
Comparison of pretreatment, posttreatment and prepost changes between the tooth- and 
bone-borne expansion groups showed no significant differences except for a significantly 
larger increase in buccal inclination of the maxillary right first molar after tooth-borne 
expansion. This could be explained by the fact that tooth-borne expanders cause a range 
of dentoalveolar effects that is typically accompanied by tipping of the maxillary first 
molars and bending of the alveolar bone. 
Children with maxillary constriction and high palatal vault were reported to be at higher 
risk of sleep-disordered breathing.25,26  Several studies showed significant improvement 
in symptoms of sleep-disordered breathing in children who received rapid maxillary 
expansion.27,28  A recent systematic review evaluated the effect of tooth-borne RME on 
treatment of patients with obstructive sleep apnea.29  The results of the meta-analysis 
showed that RME was an effective tool for normalization of apnea-hypopnea index (AHI) 
and improvement of obstructive sleep apnea syndrome in children. The present study 
demonstrated that both bone- and tooth-borne expanders appeared to be viable options 
for increasing the volume of the nasal cavity, as well as the nasopharynx. Nevertheless, 
caution should be exercised when considering these findings as sleep respiratory 
parameters were not evaluated in the present study. Future studies are warranted to 
compare the impact of the two expansion modalities on respiratory pattern and signs and 








Both tooth- and bone-borne rapid maxillary expanders significantly increased the volume 
of the nasal cavity and nasopharynx, as well as maxillary dental and skeletal width. 
Only the tooth-borne expander group showed significant buccal tipping of maxillary 
molars. 
No statistically significant difference was observed in nasal cavity or nasopharynx volume 
changes between the two expansion groups. 
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